We present the first grating-resolution X-ray spectra of the Seyfert 1 galaxy NGC 3783, obtained with the High Energy Transmission Grating Spectrometer on the Chandra X-Ray Observatory. These spectra reveal many narrow absorption lines from the H-like and He-like ions of O, Ne, Mg, Si, S, and Ar as well as Fe xviiFe xxi L-shell lines. We have also identified several weak emission lines, mainly from O and Ne. The absorption lines are blueshifted by a mean velocity of ≈ km s and are not resolved, indicating a velocity
INTRODUCTION
X-ray spectra of active galactic nuclei (AGNs) often show evidence for deep O vii (739 eV) and O viii (871 eV) absorption edges. The ionized gas component creating these edges is named the "warm absorber" and is seen in most (տ70%) Seyfert 1 galaxies and some quasars. Theoretical models for the warm absorber (e.g., Netzer 1993 Netzer , 1996 Krolik & Kriss 1995; Nicastro, Fiore, & Matt 1999) suggest that it should also be a source of X-ray emission and absorption lines. While the current X-ray data are consistent with the presence of such lines (e.g., George et al. 1998b) , it has been impossible to study them in any detail.
The bright Seyfert 1 galaxy NGC 3783 ( mag, V ≈ 13.5 ) has one of the strongest X-ray warm absorbers z = 0.0097 known with a column density of ionized gas of N H ≈ (1-2) # 10 22 cm . ASCA spectra also show warm absorber variability
Ϫ2
and excess flux around 600 eV that has been interpreted as emission lines from the warm absorber, particularly O vii (568 eV; e.g., George et al. 1998a George et al. , 1998b . UV spectra of NGC 3783 show intrinsic absorption features that are due to C iv, N v, and H i. Two kinematic absorption components are known with radial velocities of ≈Ϫ560 and ≈Ϫ1420 km s relative
Ϫ1
to the optical redshift from [O iii] . The C iv absorption shows extreme variability (e.g., Crenshaw et al. 1999 and references therein). It is not clear whether the UV-and X-ray-absorbing gas are the same, although some relation seems likely (e.g., Shields & Hamann 1997) . This Letter describes the discovery of a large number of Xray absorption lines in the Chandra spectrum of NGC 3783. In § 2 we describe the observation and data analysis, and in § 3 we give the preliminary interpretation of the results. Garmire et al. 2000, in preparation) . The total integration time was 56 ks, and the observation was continuous. The data were reduced with the standard pipeline by the Chandra X-ray Center (CXC) on 2000 January 26. We used the Chandra Interactive Analysis of Observations (CIAO) software to repeat the reduction process using an updated response matrix file. Our reduction produced somewhat less noisy spectra than those produced by the pipeline.
The HETGS produces a zeroth-order X-ray spectrum at the aim point on the CCD and higher order spectra, which have much higher spectral resolution along the ACIS-S array. The higher order spectra are from two grating assemblies, the High Energy Grating (HEG) and Medium Energy Grating (MEG). Each grating assembly produces two spectra for each order. Order overlaps are discriminated by the intrinsic energy resolution of ACIS. The zeroth-order spectrum of NGC 3783 shows substantial photon pileup, and we leave the detailed analysis of these data to a future paper. We briefly comment, however, on the presence of a weak (≈10 photons) offnuclear (≈34Љ) source located at , X-ray binary in NGC 3783, although it could also be an unrelated background source. The first-order spectra from the HEG and MEG have signalto-noise ratios (S/Ns) of ≈5 and ≈2.5, respectively (at around 7 Å ). The higher order spectra had only a few (≈3) photons per bin and will not be presented here. In order to flux-calibrate the spectra, we used the CIAO software to produce ancillary response files. The flux-calibration error is estimated to be The two MEG first-order spectra agree well with each other. The dispersions of the MEG spectra are 0.005 Å bin Ϫ1 , and the spectral resolution is ≈0.023 Å (approximately constant across the entire HETGS band). The two HEG spectra also agree well with each other and with the MEG spectra, although they have lower S/Ns. The HEG spectra have dispersions of 0.0025 Å bin Ϫ1 , and the spectral resolution is about 2 times better than for the MEG spectra. In Figure 1 , we present the mean of the two MEG spectra. This mean spectrum was smoothed using a simple 3 bin boxcar filter. Since, above ∼16 Å , there are Շ4 counts per 0.005 Å bin, the spectrum presented in the bottom panel of Figure 1 is binned to 0.02 Å .
The overall shape and flux of the X-ray spectrum are consistent with those found in previous X-ray observations of NGC 3783 (e.g., George et al. 1998a ). The Chandra fluxes in several energy bands are also consistent with those from a simultaneous 4 ks ASCA spectrum to within ≈10%. The total flux measured from the Chandra spectrum is ergs
Ϫ11
(2.0 ‫ע‬ 0.2) # 10 cm s in the 0.5-2 keV band and ergs
Ϫ2 Ϫ1 Ϫ11
(4.2 ‫ע‬ 0.9) # 10 cm s in the 2-7 keV band. When plotting the modeled
Ϫ2 Ϫ1
ASCA spectrum on top of the Chandra spectrum, we find general consistency in the overall shape as well as with the oxygen absorption edges. The most striking new features seen in the Chandra spectrum of NGC 3783 are the narrow X-ray absorption lines. In order to measure these spectral features, we interpolated over all the absorption lines and fitted the resulting continuum with a cubic spline that serves as the continuum reference point for measuring the lines. In Table 1 , we list the information concerning selected absorption and emission lines. In Figure 1 , we identify some absorption lines that are not listed in Table 1 because of our need for brevity and lack of model predictions. There are also some absorption and emission features that appear to be present but are not identified yet. We used multiple lines from the same ion to help with line identification. We checked for the existence of these lines in each of the MEG spectra (and also in the HEG spectra when possible) and measured them in the smoothed average spectrum.
The measured lines' FWHMs are consistent with the MEG resolution, which is ≈1300 km s at 5 Å and ≈500 km s at Ϫ1 Ϫ1
15 Å . Hence, the lines are not clearly resolved (see discussion in § 3.2). We were not able to put better constraints on the velocity field with the HEG because of the small S/N.
3. DISCUSSION
Absorption Lines, Column Density, and Ionization Parameter
The strongest observed absorption lines in the X-ray spectrum of NGC 3783 are from the H-like and He-like ions of O, Ne, Mg, Si, S, and Ar as well as Fe xvii-Fe xxi L-shell lines (see Table 1 , but note that some features represent blends and that the values given are the summed EWs).
As explained above, the lines are not resolved, and the only firm conclusion is that, given a Gaussian profile, their FWHMs do not exceed a few hundred kilometers per second. Given this uncertainty, we have taken an approach that relies solely on the measured EWs of the lines. We assumed a certain microturbulence velocity in a single line-of-sight cloud and calculated a theoretical spectrum with the photoionization code ION99 (the 1999 version of the code ION; Netzer 1996) . We then compared the results with the observations. The most important ingredients of the model are the microturbulence velocity, the column density, the spectral energy distribution (SED), the ionization parameter, and the gas composition.
The atomic data required for calculating line optical depths are taken from various sources. The oscillator strengths for the H-like and He-like transitions of all metals are well known The agreement between the model and the measured points is noticeable (with a Spearman rank-order correlation probability of ≈10
Ϫ6
). A line with a slope of unity is drawn to guide the eye. (e.g., Porquet & Dubau 2000 and references therein). This is not the case for the various iron L-shell lines in which there is no standard published data set. In this Letter, we rely on various publications (e.g., Mason et al. 1979; Bhatia & Mason 1980; Cornille et al. 1992 Cornille et al. , 1994 Phillips et al. 1996; Saba et al. 1999) as well as on the National Institute of Standards and Technology data set. These were combined with the Phillips et al. (1999) line lists, which are based on solar X-ray spectra and served as our major source for the wavelengths of the iron lines. Only three to five of the strongest iron lines, per ion, have been used in the analysis. Our models are based on those in George et al. (1998a) that gave satisfactory fits to the 1993 and 1996 ASCA observations of the source. They include a weak UV-bump AGN SED (similar but not identical to the weak IR case in Netzer 1996) Table 1 . For a few lines, we list only the model's EW lower limit since the measurement includes blends for which we do not yet have a modeled EW. In most cases, the blends are expected to increase the modeled EW by ≈10%-20%. The comparison between the observed and calculated EWs is shown in Figure 2 , and the deduced column densities, for the ions producing the strongest lines, are given in Table 2 . All of the strong lines predicted by the model are observed in the spectra. The microturbulence velocity of our best-fitted model is consistent with the velocity dispersion of the UV absorption lines ( km s ; Crenshaw et al.
Ϫ1
161 ‫ע‬ 22 1999).
We have carried out basic tests to verify that the deduced line widths are in the right range. If the "true" widths are much larger than assumed, the resonance lines in the H-like and Helike series will be optically thin. The observed EWs show that this is not the case. On the other hand, if the true line widths are much smaller than 150 km s , several of these lines will Ϫ1 be saturated, giving very similar EWs to all. This is not observed either. While these are not strong conclusions given the S/Ns of the observations, it is encouraging to see the good agreement between the observed and calculated EWs, sug-L20 NARROW X-RAY ABSORPTION LINES FROM NGC 3783 Vol. 535 gesting that the line optical depths are indeed in the intermediate range. According to the model, the largest optical depth for a line with keV is t(Ne x l12.132) = 35. E 1 1
Dynamics of the Absorbing Gas
All the identified absorption lines in the HETG spectrum of NGC 3783 are blueshifted by a few hundred km s with respect
Ϫ1
to the systemic velocity. The unweighted mean blueshift is km s . Kaastra et al. (2000) have recently observed
440 ‫ע‬ 200 the bright Seyfert 1 galaxy NGC 5548 using the Low Energy Transmission Grating Spectrometer (LETGS) on Chandra. The low-energy X-ray lines reported in that paper indicate a similar level of ionization, and the absorption lines are blueshifted by similar amounts. Judging from these first two results, it seems that the warm X-ray material in Seyfert 1 galaxies is outflowing with typical velocities of several hundred kilometers per second. This has important implications for the dynamics of the absorbing gas as well as for the X-ray-UV connection.
The acceleration of X-ray-ionized gas by the strong central radiation source in AGNs has not been studied in detail so far (for some discussion, see Reynolds & Fabian 1995) . The recent work by Chelouche & Netzer (2000) is the first detailed study of this kind. This study discusses the motion of discrete, Xray-ionized clouds in hydrostatic equilibrium, under a large range of conditions. It shows that acceleration to velocities of a few hundred to a few thousand kilometers per second is a natural consequence of the AGN environment. The terminal velocity is of the same order as the escape velocity in the region where the flow originates. Using these results and assuming that the conditions in the nucleus of NGC 3783 are similar to those considered by Chelouche & Netzer (2000) , we conclude that the origin of the warm absorbing gas in this source is outside the broad-line region, where the escape velocity drops below ≈1000 km s . Better line profile analysis will enable Ϫ1 us to constrain this location more accurately.
Another important comparison is with the UV absorption lines observed from this source. Several papers (e.g., Mathur, Elvis, & Wilkes 1995; Shields & Hamann 1997 and references therein) suggest that the UV and X-ray absorbers may originate in the same component. The Crenshaw et al. (1999) observations reveal two UV absorption systems, the strongest of which has a velocity consistent with the mean observed velocity of the X-ray gas and a velocity dispersion consistent with our best-fitted model. Our model, which depends on the assumed SED, predicts column densities for C iv and N v (see Ta- ble 2) that are 37 and 5 times smaller, respectively, than what has been calculated by Crenshaw et al. (1999) using the 1993-1995 data. Hence, the UV absorption lines, given the assumed far-UV continuum, appear to be inconsistent with our X-ray absorber model. The exact dependence of the UV line intensities on the shape and flux of the far-UV continuum will be studied in a future paper.
Emission Lines and Covering Factor
The HETG spectra of NGC 3783 revel several weak emission lines (see Table 1 ), some of which show hints of P Cygni profiles. These have a marginally significant redshift with an unweighted mean of km s relative to the systemic Ϫ1 230 ‫ע‬ 170 velocity measured from the [O iii] line. Kaastra et al. (2000) found similar redshifts for the emission lines in the LETGS spectrum of NGC 5548. While the EWs of some of the lines are well within the MEG and HEG capability, the low S/N and bumpy continuum do not allow reliable EW measurements. The values given in Table 1 are therefore highly uncertain. However, even these rough measurements are good enough to test the idea that the central source in NGC 3783 is surrounded by gas clouds with properties similar to those deduced for the line-of-sight absorber. This is done by comparing the EWs calculated by ION with those observed, for various assumed covering factors.
The calculated emission-line EWs, for an assumed geometry of full covering, are listed in Table 1 . Given these values, we find that the mean deduced covering factor is close to unity, in agreement with previous estimates (e.g., George et al. 1998a) . This is the first direct constraint on the covering factor of a warm absorber in any AGNs. Unfortunately, the uncertainty on the covering factor is large because of the uncertain EWs. Further discussion of this issue as well as detailed analysis of the continuum, emission features, and absorption features are deferred to a future paper.
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